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a) Overview

HM2.2.2 engineers loop facilities for residence, business, public and special
access lines. As shown in Figure 5, the Line Converter Module calculates total access
line counts for each CBG, as well as overall line totals for use in the BCM-PLUS Data
Module and the Wife Center Investment Module. The Line Converter Module
replaces the household count in each CBG with estimated total access lines, including
business, public, special access, and first and second residential lines. This allows the
BCM-PLUS Loop Module to calculate the sizes of feeder and distribution cables
required to serve the existing demand.

b) Description of inputs and assumptions

The Line Converter module uses access line demand data from the
Operating Data Reports, ARMIS 43-08, submitted to the FCC annually by all Tier
1 LECs. 16 HM2.2.2 thus incorporates the following data.

• Residential access lines, both analog and digital. These totals measure
all residential switched access lines, including flat rate (1 FR) and
measured rate (1"MR.) service. 17

• Business access lines, including analog single line, analog multiline and
digital. These totals include flat rate business (lFB) and measured
rate business (1MB) single lines, PBX trunks, Centrex lines,
hotellmotellong distance trunks and multi-line semi-public lines. 18

• Special access lines, including analog and digital. These totals include
dedicated lines connecting end users' premises to an IXC POP, but do
not include intraLAT A private lines. 19

• Public access lines, which include lines associated with coin (public
and semi-public) phones, but exclude customer owned pay telephone
lines. 20

See. Reporting Requirements for Certain Class A and Tier I Telephone Companies (parts 31, 43.
67 and 69 of the FCC's Rules). CC Docket No. 86-182. 2 FCC Red 5770 (1987) (ARMIS Order),
modified on recon.. 3 FCC Red, 6375 (1988). Tier I LECs are those with more than S100
million in annual revenues from regulated services. This includes over 50 carriers.

Revision of ARMIS USOA Report (FCC Report 43-02) for Tier 1 Telephone Companies and
Annual Report Fonn M, AAD 92-46, DA 92-1405. released October 16. 1992, Appendix C, at
FCC Report 43-08 - Report Definition for Table S-3, page 2.

Id. at 1-2.

Id. at 2-3.

Hatfield Associates, Inc. 12



Hatfield Model Version 2.2, Release 2

t
2

~_d~
1f\PUT'S repa:ej Of teta ~n:s

BCM-A....L5 1rp.J etta
p.R./IS lire tdals

ResicimlI Ire rntipier ~~ estiIlates

anpUed lIli~10 byCOOIBed10 Q:m:1l I e
eadlcro l:uRss,~~ lIli

p.hICk-enaS

Figure 5 Line Converter Module
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c) Explanation of calculations

In order to estimate loop plant investment properly, the model must consider
the demand for all services, e.g., business, first and second residential, special access
and public access lines, within each CBG. Presumably, these service-specific demand
data are known to the ll...ECs at a wire center or finer level. But because the ll...ECs
have declared these data to be proprietary, absent Commission directive they are not
available for incorporation into HM2.2.2 2

\

The Line Converter Module uses ARMIS access line data to assist in
estimating total line counts per CBG. To compute residential lines in each CBG, the
module mUltiplies the household count by the ratio of total reported residential
access lines to total households. This accounts for total household penetration and
multiple residential lines via a single average factor. The module similarly
computes business lines in each CBG by multiplying the number of business
employees in each CBG by the ratio of total reported business lines to total
employees in the study area. Special access and public line calculations also are
based on business employee counts because both services are closely associated
with businesses.

ld. at 2.

Some BOCs. notably the Southwestern Bell companies, fonnerly published this infonnation for
use by their interexchange carrier customers, but the practice apparently has been discontinued.
See, Southwestern Bell, Interexchange Customer Information Handbook. Volume IV (End Office
Profile). 1987.

Hatfield Associates, Inc. 13
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d) Description of module outputs and connection to next module

The primary output from the Line Convener Module is the Input Data File -
with household counts in each CBG replaced by total residential, business, special
access and public lines. The other data in the Input Data File pass through the module
unchanged for eventual use by both the BCM-PLUS Data Module and the Wire Center
Module.

3. OeM·PLUS Data module

a) Overview

The BCM-PLUS Data Module uses Line Converter Module output to
calculate feeder, subfeeder, and distribution cable lengths. The BCM-PLUS Data
Module uses the distance between each CBG and its serving wire center, and the area
of each CBG, to estimate feeder and distribution cable lengths. In areas of increased
placement difficulty, generally those CBGs with shallow bedrock (within one foot of
the surface) or having rocky (e.g., "bouldery") soil types, the Data Module increases
the calculated feeder and distribution distances to allow for routing offacilities around
these rocky conditions.

BCM-PLUS input
ata file with total
ccess line counts

perCBG

Compute distribution and
feeder distances according to
CBG area and geometric
input parameters

Figure 6 Data Module

b) Description of inputs and assumptions

The Data Module bases its loop length calculations on the following
assumptions.

• Feeder cable extends from the wire center to an SAl located midway
between the edge and the center of the CBG

• There are four main feeder routes that leave each wire center, with
sub-feeder routes placed at 90 degree angles from the main feeder
routes.

• Customer premises are spaced uniformly across a CBG.

• Distribution cables extend from the SAl within the CBG to terminals
serving several customers' premises.

Hatfield Associates, Inc. 14
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• A variable number of equal-length distribution cables serve each CBG
The area of the CBG determines the length of each cable. and the
CBG line density determines the number of cables.

A more detailed description of the model's feeder route design is contained
in the documentation to Release 1. 22

c) Explanation of calculations

Distribution Distance - BCM-PLUS uses geometric relationships to
calculate distribution distances. The distribution distance is the average distance
between a customer premises and the SAl. The module calculates the average
distribution distance within a CBG to equal 0.625 times the length of one side of
the CBG.

SAl placement - The Data Module adds sufficient feeder cable to place
the SAl at a point midway between the CBG boundary and its center. This
approach comports with telephone company outside plant engineering practices.

d) Outputs

The output of the BCM-PLUS Data Module includes total line counts per
CBG, along with feeder and distribution cable lengths. Other parameters include
"cable multipliers" used in a previous version to estimate combined placement
investment. Because HM2.2.2 calculates separately cable placement and structure
investments, these values are not used by BCM-PLUS.

4. HeM-PLUS Loop Module

This section discusses inputs and calculations in the BCM-PLUS Loop
Module.

a) Module overview

The BCM-PLUS Loop Module estimates loop cable facilities investment
for HM2.2.2. The Loop Module employs a "bottoms-up" network design process
that uses forward-looking loop plant engineering and planning practices, publicly
available information on component prices, and least-cost cable sizing algorithms
to estimate the outside plant investment appropriate to a TELRIC-based analysis.

See, note 4, infra.

Hatfield Associates, Inc. 15
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Figure 7 OeM-PLUS Loop Module

b) Description of inputs and assumptions

Inputs to the Loop Module include the per-foot investment cost for copper
and fiber cable, the distance at which fiber feeder cable is installed, the number of
OS-Os that can be carried on a single fiber, and the number of fibers required to
feed a OLe remote terminal. There are separate per-unit investment tables for
distribution, copper feeder, and fiber feeder cables. These tables show the
assumed per-foot investment for cables having different cross sections. The
default numbers in these tables assume discounted cable materials prices, along
with per-unit costs for installation, engineering, and delivery.

c) Inputs derived from the Data Module

The following outputs from the Data Module are used as inputs by the
Loop Module.

Feeder and Distribution Distances - These are the feeder, sub-feeder and
distribution lengths calculated for each eBG. The main feeder distance (called the
"B" distance in the model) for each eBG is expressed as the incremental distance
from the eBG to the eBG served by that feeder that is the next closest to the wire
center (the "B segment" length). The fonnula used to develop B segment length is
to first match the eBG with all others served by the same wire center and within
the same quadrant (i.e., on the same main feeder route). The module then

Hatfield Associates, Inc. 16
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calculates the B segment length for each CBG by subtracting from its total B
length the total B length associated with the next CBG closer to the wire center
Segmentation of the main feeder in this way allows the Loop Module to simulate the
tapering of cable facilities along the feeder route.

The model also computes a "subfeeder" distance (called the "An distance
within the model) which is the distance from the main feeder route to the SAl in CBGs
that are not astride the main feeder route.

d) User Specified Inputs

Because the Loop Module simulates the "bottoms up" development of a
network, it requires several inputs specifying the type and purchase price for
copper distribution cable and copper and fiber feeder cable, as well as maximum
engineered cable fill factors that vary by density range. Because the actual prices
paid for these components may vary from carrier to carrier, these values may be
adjusted, if appropriate, by the user. The model, however, contains HAl's best
estimates as default values for cable investment per foot and cable fill factors.
These default values for fill factors and cable investment per foot are as follows:

Density Feeder fill Distnoution
(linesIsq. mi.) fill

0-5 0.65 0.50
25 - 200 0.75 0.55
200 - 650 0.80 0.60
650 - 850 0.80 0.65
850 - 2550 0.80 070

> 2550 0.80 0.75

Hatfield ASSOCiates, Inc. 17
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Fiber feeder cable investment per foot
(including engineering, delivery and

installation)

Fiber cable Investment per foot
size(strands)

12 $2.90
18 $3.20
24 $3.50
36 $4.10
48 $4.70
60 $5.30
72 $5.90
96 $7.10

144 $9.50
216 $13.10

Copper feeder cable investment per
foot (including engineering. delivery

and installation)

Pairs in sheath Investment per
foot

100 $2.50
200 $4.25
400 $7.75
600 $11.25
900 $16.50
1200 $21.75
1800 $32.25
2400 $42.75
3000 $53.25
3600 $63.75
4200 $74.25

Version 2.2, Release 2
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Mix ofaerial and underground plant for distributIOn -- Distribution
cables typically connect with the feeder network at one or more SAIs and run
along streets within a defined area. Distribution plant may be aerial (carried on
poles), underground (placed in conduit), or buried (plowed directly in the ground
or placed in a trench without conduit). The proportions of aerial, underground and
buried cable are user-adjustable variables set in the Convergence Module.

Unit Costs for Distribution Cable - The default cable investment figures
shown in the preceding table include discounted materials prices, engineering,
delivery to the site, and placement or installation. 23 These costs are added to other
loop investments in the Convergence Module, described later)

Fill Factorsfor Distribution Cable - The Loop Module permits users to
input values specifying the maximum engineered level of plant utilization or "fill"
for distribution and feeder cable?4 Engineered cable fills are always less than
100% in practice, with some spare pairs necessary to accommodate unforeseen
growth, breakage and line administration.

The effective fill factors achieved by the Hatfield Model are even lower
than the engineered fill factors because the model requires that the next larger
available cable size be installed to accommodate the engineered fill.

f) Feeder plant

Feeder cables extend along any of four routes from the wire center to one
or more points where they are cross-connected to the distribution network.
Depending on required feeder capacity, distance or economics may dictate that
feeder be provisioned using various sizes of copper cabling, or fiber cables in
conjunction with DLC systems. The Loop Module assumes that a CBG will be
served with fiber-fed DLC equipment whenever the feeder length exceeds a user
adjustable threshold value (the default is 9,000 feet); otherwise it assumes copper
feeder cable.

The user may specify the number of fibers assigned per DLC remote
terminal. The default value is four. Similarly, the number of equivalent voice
circuits (OS-Os) that may be carried on this fiber may be set by the user. The
default value is 2016, or 3 DS-3s.

Placement invesunent consists of pulling underground cable through conduit and mounting aerial
cable on poles. It should not be confused with the actual "structure" investment in poles, conduit
and manholes, or in the installation of structure components.

A cable fill factor represents the ratio of working lines (measured in tenns of voice grade
equivalent channels or copper wire pairs) to minimum installed line capacity.

Hatfield Associates, Inc. 20
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Mix ojaerial and underground plant jor feeder - These values are set in
the Convergence Module, as they are for distribution cable.

g) Explanation of calculations

The Loop Module's calculations include the following

• Selection of copper or fiber feeder cable to serve each CBG according
to the user-adjustable threshold feeder distance (default is 9,000 ft)

• Sizing of main feeder segments to accommodate the cumulative
capacity requirements along the route.

• Determination of the type and quantity of feeder facilities and
distribution cables to meet each CBG's capacity requirements.

Applying unit investment costs to estimate total investment in loop cables 
- The fundamental feeder length calculations, including the sharing of feeder sheath
by multiple CBGs lying on a common route, are essentially unchanged from those
described in the Release 1 documentation. The BCM-PLUS Data Module does,
however, extend the SAl location into each CBG halfway to its center.

The BCM-PLUS Loop Module computes distribution cable lengths as
0.625 times the length ofa side of the CBG. The number of cables serving a CBG
varies according to the CBG's density range, as described in the Data Module
discussion above. The Loop Module sizes the distribution cables according to the
specified fill factor and number of cables in each CBG.

h) Description of model outputs

The Loop Module produces total investment by CBG for distribution and
feeder cable. The Loop Module's "costing" worksheet contains these investments
and is sent to the Convergence Module to determine overall network investment.

5. Wire Center Investment Module

a) Overview

This Module produces network investment estimates in the following
categories:

SWitching and wire center investment - This category includes investment
in local and tandem switches, along with associated investments in wire center
facilities, including buildings, land, power systems and distributing frames.

Signaling network investment -- This includes investment in STPs, SCPs
and signaling links.

Hatfield Associates, Inc. 21
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Transport investment -- This category consists of investment in
transmission systems supporting local interoffice (tandem and direct) trunks.
intraLATA toll trunks (tandem and direct) and access trunks (tandem and direct)
The model also separately calculates investment in operator trunks

Operator Systems Investment - This includes investments in operator
systems positions and operator tandems. The module allows the operator
positions to be located at a distance from the operator tandem.

, Investment inputs for '\
S'Mtching, trans
rrission, signa~ng.
and operator facilities.

\.. ~

1. Match CW codes by
CBG to assign f-----li
interoffice distances

1. Data Module olJput v.rth
line multipliers

2. SiMtch distances
3. OEM and total call data

3. Size EO and
tandem S'Mtches.
corflXlte interoffice
investment, size SS7
network. transport
faciities and operator
functions

1
4. Deternine per line

networX investment

.l.

2. ~ge
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/ No. of residential, """"

business, special
access and public
lines

'Mre center, S'Mtcting.
signaling, operator and
transport investrrent per tine

Figure 8 Wire Center Module

b) Description of inputs and assumptions

For the wire center module to compute required switching and
transmission investments, it must have as inputs total line counts for each wire
center, interoffice distances, traffic peakedness assumptions, as well as inputs
describing the distribution of total traffic among local intraoffice, local interoffice,
intraLATA toll, interexchange access and operator services. This module takes as

Hatfield Associates, Inc. 22



data inputs overall line counts obtained from the Line Convener Module and
interoffice distances for the calculation of transmission facilities investment 25

Hatfield Model Version 2.2. Release 2
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There are many user-adjustable input assumptions in the Wire Center
module. The following sections discuss these assumptions, and Appendix C
includes additional tables showing all of the default values for the module's input
parameters.

c) Traffic assumptions

Many of the calculations in the Wire Center module rely on traffic
assumptions suggested in Bellcore documents 26 These inputs. which the user may
alter, assume 1. 3 busy hour call attempts (BRCA) per residential line and 3.5
BRCA per business line. Total busy hour usage is then determined based on
published Dial Equipment Minutes (OEM) infonnation. Other inputs, which may
be changed by the user, specify the fraction of traffic that is interoffice, the fraction
of traffic that flows to operator services, the local fraction of overall traffic, as well
as breakdowns between direct-routed and tandem-routed local, intraLATA toll,
and access traffic. Appendix C contains tables showing the default settings for
these parameters.

d) Explanation of calculations

The following sections describe the calculations used to generate
investments associated with switching, wire centers, interoffice transport, signaling
and operator systems functions.

(1) Switching investment calculations

The Module places at least one end office switch in each wire center. It
sizes the switches placed in the wire center by adding up all the switched lines in
the CBGs served by the wire center, then compares this line total to the maximum
allowable switch line size. This parameter is user-adjustable, but its default setting
is at 100,000 lines with a fill factor of 0.80, yielding a maximum effective switch
line size of80,000. By default, the model will equip the wire center with a single
switch if the number of switched access lines served by the wire center is no
greater than 80,000. If a wire center serves 90,000 lines, the model will compute

The H:f'.tU.2.2 includes a set of interoffice distance calculations produced from wire center
location infonnation from Bellcore's LocaJ Exchange Routing Guide (LERG). Because AT&T
has now gained a site license for use of these data, users of the Hatfield Model no longer need to
obtain their own copies of the LERG.

Bell Communications Research, L4 TA Switching Systems Generic Requirements. Section 17:
Traffic Capacity and Environment, TR-TSY~517, Issue 3, March 1989.

Hatfield Associates, Inc. 23
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the investment required for two 45,000 line switches 27 The wire center module
also compares the BHCA produced by the mix of lines served by each switch with
a user-adjustable processor capacity (default set at a maximum of 600,000 BHCA)
to determine whether the switch is line-limited or processor real-time-limited

Once the model determines the end office switch line size, it calculates the
required investment per line from an investment function that relates per-line
switching investment to switch line size. The data defining this function were
obtained from a publicly-available study of the central office equipment market
published annualIy by McGraw-Hi1l 28 This study shows the average investment
per new line of digital switching paid by BOCs to be $102, and by independents to
be $235, in 1995 29 The model combined these figures with average BOC
(11,200) and independent (2,761) switch line sizes derived from data published in
the FCC's Statistics ojCommullicatiolls Common Carriers, along with infonnation
on much larger switches obtained from switch manufacturers to develop the
complete investment function. 30 The above per-line investment figures are for the
entire end office switch, including trunk ports. These investment figures are then
reduced by $16 per line to remove trunk port investment that will be accounted for
in the module's trunk calculations. Figure 9 shows the resulting investment curve.

If multiple switches are required in the wire center, they are sized equally to allow for maximum
growth on both switches.

Northern Business Information study: u.s. Central Office Equipment Market -- 1995, McGraw
Hill.

These per-line average prices represent invesunents over all types of switching, including remote
switching systems, hosts, and stand-alone end office switches. Through this scaling, the
switching invesunent curve thus represents automatically the cost of the average profile of
remote, host, and stand-alone applications of end office switches.

Federal Communications Conunission, Statistics ofCommunications Common Carriers. Tables
2.3 and 2.4, 1994 edition.

Hatfield Associates, Inc. 24



Hatfield Model

S220/line

586l1ine

1$59/1ine

2,721

I

11,200

Switch price per line, trunk port
investment removed

Lines

Version 2.2, Release 2

80,000

31

Figure 9 Switching investment curve

The wire center module uses existing tandem and end office wire center
locations for computing interoffice transmission investments. A preprocessing
step, relying on licensed LERG data., produces end office-to-tandem, end office-to
STP, tandem-to-STP, and STP-to-STP distances in a table that then is used by the
module to estimate interoffice transmission facility investments. The module
computes investments for end office and tandem "A" signaling links, "c" signaling
links between the STPs in a mated pair, and it estimates investments in "D"
signaling link segments that an interconnecting carrier such as an IXC may lease
from the ILEC.

Tandem and operator tandem switching investments are computed
according to assumptions contained in an AT&T report on interexchange capacity
expansion costs filed with the FCC. 3

! The investment calculation assigns a price to
switch "common equipment," switching matrix and control structure. and adds to
these amounts the investment in trunk interfaces. The numbers of trunks and their
related investments, are derived from the transport calculations described below.
The module recognizes that a significant fraction of local tandems also perform
end office switching functions, and the inputs allow the user to vary the sharing of
tandem common equipment with end office use. The default sharing value is 40%.

AT&T, "An Updated study of AT&T's Competitors' Capacity to Absorb Rapid Demand Grovt'th,"
filed with the FCC in CC Docket No. 79-252, April H, 1995 ("AT&T Capacity Cost Study").

Hatfield Associates, Inc. 25
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Wire center investments required to support end office and tandem
switches are based on assumptions regarding the size of room required to house a
switch (for end offices, this size varies according to the line sizes of the sWitch),
construction costs, lot sizes, land acquisition costs and investment in power
systems and distributing frames The default values are shown in Appendix C

The model computes required wire center investments separately for each
switch. For wire centers housing multiple end office switches, the wire center
investment calculation adds switch rooms to house each additional switch.
Tandem wire center calculations assume the maximum switch room size, and
further assume the tandem will reside in a wire center that contains at least one end
office switch.

(2) Transport calculations

The traffic and routing assumptions listed above, along with the total mix
of access lines served by each switch, form the basis for the model's transport
calculations. The model detennines the overall breakdown of traffic per subscriber
according to the traffic assumptions and computes the numbers of trunks required
to carry this traffic. These calculations are based on the fractions of total traffic
assumed for interoffice, local direct routing, local tandem routing, intraLATA
direct and tandem routing and access direct and tandem routing. These traffic
fractions are applied to the total traffic generated in each wire center according to
the mix of business and residential lines and appropriate per-line offered load
assumptions. These trunk loading assumptions include a user-adjustable maximum
trunk utilization of27.5 CCS in the busy hour. 32

The distance preprocessing calculations estimate interoffice distances using
existing wire center and tandem locations. The calculation assumes rectilinear
routing between end offices and tandems, and between switches and STPs. The
resulting distances are greater than if they were calculated as airline mileage.

Average direct-route distances for local, intraLATA and access traffic are
set as user-definable inputs. It is not possible to compute these values from wire
center locations because existing exchange area definitions detennine whether
routes will carry local, intraLATA toll, or access traffic. In addition, the locations
of IXC POPs may not be publicly available. Because of these factors, the default
distances for direct transport are 10 miles for local routes, 25 miles for intraLATA
routes, and 15 miles for access routes. The user may alter these values.

The 27.5 CCS value is based on an AT&T estimate of maximum per trunk utilization. See,
AT&T Capacity Cost Study.

Hatfield Associates, Inc. 26



(4) Signaling network calculations

The Wire Center Module uses the preprocessed interoffice distances to
compute signaling link investment for end office and tandem A links, Clinks
between the STPs in a mated pair, and D link segments. The investment per link
mile is the same as the computed per-DS-O investment described above.

The model always equips at least two signaling links per switch. It also
computes required SS? message traffic according to the call type and traffic
assumptions described earlier User inputs define the number and length ofISDN
User Part (ISVP) messages required for interoffice call control. Default values are
six messages per interoffice call attempt with twenty-five octets per message.
These values are those assumed in the AT&T Capacity Cost Study.

Other inputs define the number and length of Transaction Capabilities
Application Part (TCAP) messages required for database lookups, along with the
percentage of calls requiring TCAP message generation. Default values, also
obtained from the AT&T Capacity Cost Study, are two messages per transaction,
at 100 octets per message, and 10% of all calls requiring TCAP generation. If the
message traffic from a given switch exceeds the link capacity (also user-adjustable
and set at 56 kbps and 40% occupancy as default values), the model will add links

27
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(3) Tandem switch calculations

The module scales the investment in tandem switch common equipment
according to the total number of tandem trunks computed for the study area. By
doing so, it thus avoids equipping maximum-capacity tandems whenever a LATA
is served by multiple tandems. The calculations also recognize that a significant
fraction of tandems in practice are "Class 4/5" offices that serve both tandem and
end office functions. A sharing fraction may be set by the user to reflect the
incidence of such dual-purpose switches.

The model contains explicit transport facilities investment calculations to
produce both termination and per-mile investments, each expressed per DS-O (a 64
kbps voice-equivalent circuit) The assumptions underlying these calculations
include the facilities capacity expressed at a default SONET transmission rate of
OC-12, multiplexer installed price per end, regenerator spacing and investment,
buried/underground/aerial composition, manhole spacing and investment, pole
spacing and investment, along with ancillary investments such as splicing, optical
patch panels, and "pigtail" (short connectorized fibers between strands in the cable
and the optical patch panel) investment. Interoffice investment calculations also
include a "sharing" factor that accounts for the sharing of structure used by feeder
and interoffice facilities. This eliminates double-counting of structure between
feeder and interoffice routes. The amount of sharing, expressed as a percentage of
interoffice route miles, is a user-adjustable input. The default value is 25%

Hatfield Model



to carry the computed message load. The totalliflK distance calculation includes
all the links required by a given switch.

Hatfield Model Version 2.2, Release 2

STP capacity is expressed as the total number of signaling links each STP
in a mated pair can tenninate (default value is 720 with an 80% fill factor) The
maximum investment per STP pair is set at $5 million, and may be changed by the
user. These default values derive from the AT&T Capacity Cost Study The STP
calculation scales this investment based on the number of links the model requires
to be engineered for the study area.

SCP investment is expressed in terms of dollars of investment per
transaction per second. The transaction calculation is based on the fraction of cans
requiring TCAP message generation, The total TCAP message rate in each LATA
is then used to detennine the total SCP investment. The default SCP investment is
$20,000 per transaction per second and is based on a number reported in the
AT&T Capacity Cost Study.

(5) Operator systems calculations

Operator tandem and trunk requirements are based on the operator traffic
fraction inserted by the user into the model and on the overall maximum trunk
occupancy value of275 CCS discussed above. Operator tandem investment
assumptions are the same as for local tandems.

Operator positions are assumed to be based on current personal computer
tenninal technology. The default operator position investment is $3500 The
Model includes assumptions for maximum operator "occupancy" expressed in
CCS. The default assumption is that each position can be in service 27.5/36 of the
busy hour. This value is related to the maximum trunk occupancy assumption
described above. Also, because many operator services traditionally handled by
human operators may now be served by announcement sets and voice response
systems, the model includes a "human intervention" factor that reflects the fraction
of calls that require human operator assistance. The default factor is 10, which is
believed to be a conservative estimate. (A factor often implies that one out often
calls will require human intervention).

6. Convergence module

The Convergence Module combines the loop cable investments produced
by BCM-PLUS with the wire center, switching, transport, signaling and operator
systems investments calculated by the Wire Center Investment Module. The
output of the Convergence Module is the complete collection of network
investments stated by density range for use by the Expense module.

Hatfield Associates, Inc. 28
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The module adds structure investment to the loop cable investments
produced by the Loop Module based directly on the number of sheath miles of
cable to be installed. The previous version of the Hatfield Model relied on BCM
estimates of loop structure components which were calc,,1ated by applying "cable
multipliers" to loop cable investment. The cable multiplJers produced estimates of
structure that varied directly with cable investment. In some cases, the structure
estimates per unit length were unacceptably low The multiplier approach also
improperly made structure investment a function of cable materials price discounts.

In Release 2, the Convergence Module includes user-defined inputs for
conduit investment, pole investment and spacing, manhole investment and spacing,
trenching and direct burial investment, and breakdowns of aerial, buried, and
underground cable. Although the Loop Module cable investment inputs include
values for aerial and underground cable, where buried cable is required the
Convergence Module adds an incremental amount per foot to represent the
increased investment in armoring that is characteristic of cable intended to be
directly buried. The default assumptions, which vary by density range, appear in
Appendix C There are separate sets of default inputs for distribution, copper
feeder and fiber feeder facilities 33

The following tables display the default values for structure type:

Distribution Structure

Density Range Aerial Fraction Buried Fraction Underground
Fraction

0-5 0.50 0.50 -
5 - 200 0.50 0.50 -

200 - 650 050 0.50 -
650 - 850 0.50 0.50 -

850 - 2550 0.40 0.50 0.10
> 2550 0.65 0.05 0.30

The HM2.2.2 Convergence Module still performs certain loop-related calculations. These were
originally included in this module to correct deficiencies in the initial BCM loop calculations.
HAl has chosen to keep these additional calculations in the Convergence Module even after the
incorporation of BCM-PLUS into HM2.2.2.
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Copper Feeder Structure

Density Aerial Buried Underground
Fraction Fraction Fraction

0-5 050 045 005
5 - 200 050 045 0.05

200 - 650 0.50 045 005
650 - 850 OAO OAO 0.20
850 - 2550 0.10 0.10 0.80

> 2550 005 0.05 0.90

Fiber Feeder Structure

Density Range Aerial Buried Underground
Fraction Fraction Fraction

0-5 0.35 0.60 0.05
5 - 200 0.35 060 0.05

200 - 650 0.35 0.60 0.05
650 - 850 0.20 0.60 020
850 - 2550 0.10 0.10 0.80

> 2550 0.05 0.05 090

The Convergence Module adds several components to the loop cable
investments produced by the Loop Module: NIDs, SAls, tenninals and subscriber
drops. The drop and terminaVsplice values are added for each line directly. The
model computes one NID per household and one NID for every four (a user
adjustable value) business lines. The default per-unit investments are $30 for the
NID (obtained from discussions with subject matter experts); $40 for the drop
(taken from the New England Telephone Incremental Cost Studl\ and $35 for
the tenninal and splice.

The SAl investments depend on whether copper or fiber feeder cable feeds
a particular CBG. If the feeder cable is copper, the SAl is a simple cross-connect
arrangement. This arrangement's investment is obtained from a table listing SAl
installed prices by total lines served. For optical feeder cable, the SAl consists of
an optical patch panel for connecting the cable to the remote tenninal, along with
an associated cross-connect for connecting the subscriber loops to the analog side
of the remote tenninal. Investment assumptions for both types of SAls include
engineering, a housing, and site preparation, along with common equipment and

NYNEx, 1993 New Hampshire Incremental Cost Study

.;
I
.\,
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per-line investments in channel units. A separate fill factor applies to the number
of lines served by each set of common equipment.

Structure investment (i.e, poles, conduit. trenches, and manholes)
generally are shared among utilities, typically LECs, CATV operators, electric
utilities, and others, including competitive access providers (CAPs) and IXCs To
the extent that several utilities may place cables in common trenches, conduits or
on common poles, it is appropriate to share the costs of these structure items
among them. Because the Convergence Module reports investments in different
structure separately to the Expense Module, the user may select the fraction of
each type of distribution and feeder structure investment that should be assigned to
local telephone service.

The Convergence Module also adds investment for integrated DLC
equipment. Inputs include site and power, common equipment, and per-line
investment in channel units. The module allows two types ofDLC equipment as
described in the Release 1 documentation: TR-303-compatible SLC~-2000
equipment, used in all but the lowest density zone, and proprietary equipment
manufactured by Advanced Fibre Communications, a California company, in the o
S lines per square mile range.

The Convergence Module produces investments in the following categories
for each of the six density ranges:

• Distribution (aerial, buried, and underground copper cable and
associated structure)

• Concentration (DLC remote tenninal and associated investment in
power, site preparation, and housing)

• Feeder (aerial, buried and underground fiber and copper feeder cable
and associated structure)

• Switching (end office and tandem switching investment)

• Wire center (end office and tandem wire center investment)

• Operator services (operator tandem switching, tandem wire center,
trunks and operator positions)

• Transport (common and dedicated)

• STPs

• SCPs

• Signaling links

• NID, drop, tenninal and splice, and SAl
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I
In additio~ the Convergence Module output sheet summarizes line and

trunk counts, and passes other parameters, such as tandem routing fractions and
OEMs, to the Expense Module. Line counts include residential, business, special
access and public access lines, and the module also reports households in each
density range

7. Expense Module

a) Overview

The Expense Module provides per-line and per-month cost summaries for
each unbundled network element defined by the model, and for basic universal
service. It does so by calculating capital carrying cost, operating expenses,
network operation expenses, and attributable support expenses for each of eleven
UNEs plus public telephone tenninal equipment.

The Expense Module uses the output of the Convergence Module to
capitalize the investments needed for each UNE and the per-line investments for
basic universal service. The module requires investment, revenue and expense data
reported by individual LECs in their annual ARMIS reports. The Module's other
required inputs are capital structure parameters (e.g., debt/equity ratio, costs of
debt and equity) as well as the total network investment produced by the
Convergence Module.

The Expense Module uses ARMIS data to calculate several expense-to
investment ratios to be applied to the investments in different plant categories as
computed by the model. It also uses estimates ofLEC revenues, tax rates, costs of
debt and equity and economic service lives for various types of network
equipment'

This section describes the inputs and assumptions of the Expense Module,
including ARMIS data, capital structure parameters and expense factors built into
the module. It also explains the calculations used to detennine capital costs and
operating expenses.

I

I
I
i,
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Total required subsidy by density range
with user-settable price

Figure 10 Expense Module

Costs of Basic Network Functions
1. Loop Distribution
2. Loop Concentrator/Multiplexer
3. Loop Feeder
4. End Office Switching
5. Dedicated Transport
6. Common Transport
7. Tandem Switching
8. Signaling Unks
9. Signal Transfer Points
10. Service Control Points
11. Operator Systems

b) Description of inputs and assumptions

(1) ARMIS data

The ARMIS data used in the Expense Module include investment and
operating expenses and revenues for a given local carrier and state. These data are
used to derive the total investments, expenses and revenues for each UNE. The
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investment, expense and revenue categories are listed below, and described in
detail in the Calculations section

(a) plant specific operations

• end office and tandem switching -- digital switching, operator
systems

• transmission -- circuit equipment, transmission

• infonnation origination and tennination -- public telephone,
tenninal equipment

• cable and wire facilities -- poles, cable, conduit

(b) plant non-specific operations

• provisioning

• power

• plant operations

• network administration

• testing

• general support equipment -- land, buildings, vehicles. furniture.
office and other equipment

In addition, ARMIS data include local network service revenues by the
following categories:

• access revenue -- end user, switched and special access revenue

• basic service revenue

• long distance network revenue

(c) Capital structure parameters

The Expense Module requires capital structure parameters to calculate the
carrier's Weighted Average Cost of Capital (WACC), which is a discount factor
used to calculate capitalized costs of UNEs and basic local service. Parameters
required are for the carrier's debt/equity ratio, cost of debt, and cost of equity.

(d) Factors built into the expense module

The module uses a number of ratios and factors to calculate monthly per
line loop and annual switching costs. These factors are explained in detail in the
Calculations section.

(e) Other user inputs
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There are several explicit user inputs to the Expense Module. including
economic lives by plant category, variable overhead factor. forward-looking
Network Operations expense reduction factor, similar forward-looking expense
factors for switching and circuit equipment, other taxes (principally franchise fees),
and structure assignment factors The model uses the latter to assign structure
investment to telephone subscribers. Generally, plant structure (conduit, poles,
and trenches) will be shared by several service providers The structure
assignment parameters in the Expense Module allow the user to vary the amount
of structure investment for aerial, underground, and buried feeder and distribution
facilities assigned to telephone users The default value is 0 33 for all categories

Other user inputs include an explicit value for the monthly cost per line for
local number portability (set at a default of$025I1ine/month), a quantity used in
estimating basic local service monthly costs. There is also a monthly factor of
$1.22 per line that accounts for bill generation and bill inquiries relating to basic
local service. The model includes a value for the NID's annual maintenance
expense, the default is $3.00 per NID. There is an input for carrier-to-carrier
customer expense, set at $1. 56 per line per year, which is used in the determination
of UNE costs. This default value derives from Tier I LEC expenses for servicing
the access accounts of their IXC customers reported in ARMIS 43-04 for 1995.

Appendix C shows all user inputs to the Expense Module.

c) Explanation of calculations

The Expense Module is driven primarily by the calculated annual capital
cost and operating expenses of the carrier(s) under study All costs are
summarized for each of the eleven UNEs. The algorithms used to determine these
amounts are described below.

(1) Capital costs

The model calculates annual capital cost for each ONE based on the net
plant investment, the expected service life (depreciation), the return on the net
asset and the grossed-up income tax on the return of the net asset. The model
assumes straight-line depreciation and assumes that cash flows are in arrears (i.e.,
return from assets, tax gross-ups and depreciation are applied at the end of each
year).

The W ACC, the capital structure, and the cost of debt and equity must be
provided for the modeled entity. Based on these data, the model calculates the
investments required for each ONE. The model then determines the appropriate
levelized monthly cost of these investments based on the economic lives for each

of the UNEs.

(2) Operating Expenses - General
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Operating expenses are derived from historic expense factors which are
calculated from balance sheet and expense account infonnation reponed in
carriers' ARt\1lS reports. These expense factors are applied to the investments
developed by the Hatfield Model to detennine associated operating expense
amounts

Certain expenses, particularly those for network maintenance, are strongly
related to their associated capital investments. The Expense Module estimates
these expenses using factors computed from the carner's ARMIS reports Other
expenses, such as network operations, vary directly with the number of lines
provisioned rather than with capital investment Expenses for these elements are
scaled by the number of access lines supported. Uncollectibles expense is
calculated as a percentage of revenues.

(3) Network-Related Expenses and Expense Factors

The Expense Module assigns network-related expenses to each of eleven
UNEs, plus public telephone terminal equipment The module also assigns the
cost of capital, expenses, total investment and attributable support expense to each
UNE.

These network and non-network operating expenses are added to annual
capital costs to determine the total economic cost of each UNE. Each network
related expense is described below

Network Support -- This category includes the expenses associated with
motor vehicles, aircraft, special purpose vehicles, garage and other work
equipment.

Central Office Switching - This includes end office and tandem switching,
as well as equipment expenses.

Central Office Transmission -- This includes circuit equipment expenses
associated with transport investment.

Cable and Wire -- This category includes expenses associated with poles,
aerial cable, undergroundlburied cable and conduit systems. This expense varies
directly with capital investment.

Network Operations -- The Network Operations category includes power,
provisioning, engineering and network administration expenses.

The Expense Module uses specific forward-looking expense factors for
digital switching and for central office transmission. These values derive from the
New England Telephone Incremental Cost Study. The module similarly computes
forward-looking Network Operations expenses based on corresponding ARMIS
reported expenses. Because total Network Operations expense is strongly line-
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dependent. the model computes this expense as a per-line additive value based on
ARMIS-reported total Network Operations expense divided by the number of
access lines. then deducting 30% of this quotient to produce a forward-looking

. 35
estimate

(4) Non-network-related operating expenses and expense factors

The Expense Module assigns non-network related expenses to each density
range based on its proportion to total expenses in each category Each of these
expenses is described below.

Variable support -- Historical variable support expenses for LEes are
substantially higher than those of similar service industries operating in more
competitive environments. Based on studies of these variable support expenses in
competitive industries, such as the interexchange industry, the model applies a
conservative 10% variable support factor to the total costs estimated for ONEs as
well as basic local service.

General Support Equipment -- The module calculal"::> investments for
furniture, office equipment and general purpose computers. The Model uses
actual 1995 company investments to detennine the ratio of investments in the
above categories to total investment. The ratio is then multiplied by the network
investment estimated by the Model to produce the investment in general support
equipment. The recurring costs of these items are then calculated in the same way
as recurring costs for network investment.

(5) Revenues

Revenues are used to calculate the uncollectibles factor. This factor is a
ratio of uncollectibles expense to adjusted net revenue. The module computes
both retail and wholesale uncollectibles factors. The retail factor is applied to basic
local telephone service monthly costs and the wholesale factor used in the
calculation of ONE costs.

d) Outputs of the Expense Module

The Expense Module displays results in a series of reports which depict
detailed investments and expenses for each UNE for each density range,
summarized investments and expenses for all UNEs, unit costs by UNE and total

Although forecasting forward-looking expenses is difficult, there is evidence that the 30%
reduction from currently reponed per-line Network Operations expense is conservative.
Testimony before the California Public Utilities Commission (Testimony of R. L Scholl.
Universal Service Proxy Cost Models, April 17, 1996, p. 11) states that Pacific Bell's forward
looking Network Operations expenses are 55% less than current per-line values computed from
Pacific Bell's 1994 ARMIS data.
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